stroke, 38 patients (25.2%) had an epileptic seizure. During hospitalization, 27 patients (17.9%) had epileptiform activity (interictal or ictal) in the EEG, 7 (25.9%) of them electrographic seizures. During the first week after stroke, 22 (14.6%) patients had a seizure and 4 (2.6%) non-convulsive status epilepticus criteria. Five (22.7%) acute symptomatic seizures were exclusively electrographic. At least one remote symptomatic seizure occurred in 23 (16%) patients. In the first 7 days after stroke, more than one-fifth of patients with seizures had exclusively electrographic seizures. Without a systematic neurophysiological evaluation the frequency of post-stroke seizures are clinically underestimated.
Introduction
Post-stroke seizures identification has many implications for clinical practice. One the one hand, epilepsy diagnosis can be made to a patient with at least one remote symptomatic seizure after stroke [1] since it has a recurrence probability of 71.5% [2] . One the other hand, although there is no quality evidence for the recommendation of acute symptomatic post-stroke seizures secondary prevention [3] , this seems to be common in many centres in the acute stroke setting, to prevent additional metabolic burden [4] .
However, the reported frequency of seizures after an ischemic stroke is variable (2-67%) [5] possibly due to different study methodologies. One limitation of this frequency analysis has been the lack (in the vast majority of studies) of an electroencephalographic record [6] . In a retrospective study of acute brain injury patients submitted to Abstract Cerebrovascular disease is the leading cause of epilepsy in adults, although post-stroke seizures reported frequency is variable and few studies used EEG in their identification. To describe and compare EEG and clinical epileptic manifestations frequency in patients with an anterior circulation ischaemic stroke. Prospective study of acute anterior circulation ischaemic stroke patients, consecutively admitted to a Stroke Unit over 24 months and followed-up for 1 year. All patients underwent standardized clinical and diagnostic assessment. Seizure occurrence was clinically evaluated during hospitalization and by a telephone interview at 6 months and a clinical appointment at 12 months after stroke. Video-EEG was performed in the first 72 h (1st EEG), daily after the 1st EEG for the first 7 days after the stroke, or later if neurological worsening, at discharge, and at 12 months. 151 patients were included (112 men) with a mean age of 67. 4 (11.9) years. In the 1st year after Electronic supplementary material The online version of this article (doi:10.1007/s00415-017-8586-9) contains supplementary material, which is available to authorized users. EEG monitoring, most seizures (92%) were electroencephalographic without apparent clinical manifestations [7] . More specifically, 9% of patients with an acute ischemic lesion had non-convulsive seizures and 7% had criteria for non-convulsive status epilepticus [7] . Thus, in the absence of an EEG record, the frequency of post-stroke seizures may be underestimated. Moreover, the frequency of electrographic seizures in patients with ischemic stroke who do not require admission to an intensive care unit and EEG monitoring is unknown, although epileptic seizures [2, 8] and ictal/interictal EEG discharges have been associated with stroke unfavourable outcome [9] [10] [11] . This paper aims to prospectively describe and compare the frequency of EEG and clinical epileptic manifestations in patients with an anterior circulation ischaemic stroke admitted to a Stroke Unit.
Methods
Prospective study of consecutive patients with an acute anterior circulation ischaemic stroke, admitted to the Stroke Unit of a Neurology Department over a period of 24 months (between October 2011 and October 2013) and followed-up for 12 months (October 2012 to October 2014). The study was approved by the Ethics Committee of Centro Hospitalar Lisboa Norte ("Comissão de Ética para a Saúde").
The following inclusion criteria were used:
1. Acute anterior circulation ischaemic stroke, established by imaging (CT scan or MRI) obtained at any time during hospitalization (reviewed by a senior neuroradiologist), with less than 7 days of clinical evolution 2. National Institutes of Health Stroke Scale (NIHSS) score [12] ≥4 upon admission to the emergency department 3. Signed informed consent by the patients or their nextof-kin.
The subsequent exclusion criteria were used:
1. Previous stroke with modified Rankin scale score (mRS) [13] [14] [15] >1 at the time of acute stroke. 2. Brain imaging study (CT scan or MRI) with one of the following: contusion; subdural/epidural hematoma; subarachnoid haemorrhage; neoplastic lesion; infectious/ inflammatory lesion; hydrocephalus. 3. Previous history of head trauma with hospital admission. 4. Previous neurosurgery. 5. Previous history of epilepsy or epileptic seizures.
Standardized clinical and ancillary evaluation
All patients were attended by a neurologist at the emergency department and admitted at the Stroke Unit with continuous surveillance of their neurological status and daily observation by a stroke neurologist. During hospitalization, the patients underwent diagnostic tests allowing stroke etiological classification [16] and appropriate therapeutic approach, including blood tests, carotid and vertebral duplex scans, transcranial Doppler and ECG. All patients underwent a CT scan at the emergency department (1st CT scan) which was repeated 24 h after stroke in patients submitted to intravenous thrombolysis with alteplase (rtPA) and when clinically indicated in all patients (2nd CT scan). In selected cases, patients also performed MRI with diffusion weighted imaging, transthoracic or transesophageal echocardiography, 24 h Holter or cerebral angiography. NIHSS score at hospital admission, after rtPA perfusion, daily and at discharge was registered prospectively (CB and HM). During hospitalization, the following clinical, laboratory and treatment variables were daily recorded: fever/infection (respiratory, urinary, other)/organ failure (kidney, liver, heart)/withdrawal syndrome/hydroelectrolytic imbalance/hypoxemia/seizure occurrence/other medical or neurological complication/ pharmacological therapy (CB and HM).
After discharge the patient maintained standard clinical follow-up at the cerebrovascular outpatient clinic. A neurologist with expertise in epilepsy (CB) performed a telephone interview 6 months after stroke accessing seizure occurrence by a free interview followed by a brief phone screening tool for identifying patients with epilepsy [17] . A scheduled appointment 12 months after stroke was also conducted (CB), recording the following clinical variables: NIHSS and mRS scores, occurrence of seizures and its type; other stroke or medical complications; final etiological classification of stroke [16] and on-going therapy.
Neurophysiological evaluation
All patients underwent a neurophysiological evaluation protocol that included a 64 channels video-EEG with a maximum duration of 60 min in different time frames after stroke: 1. As early as possible, in the first 72 h after admission (1st EEG). 2. Daily, after the 1st EEG, for the first 7 days after stroke (except on weekend). 3. If neurological worsening unexplained by medical complications and with indication for repeating the imaging exam. EEGs referred in (2) and (3), were called serial EEG study during hospitalization. 4. At time of clinical discharge (discharge EEG).
At 12 months after stroke (12 M EEG).
The EEG record followed national and international recommendations [18] [19] [20] [21] [22] . Video-EEG was performed using a Nihon-Kohden device (Neurofax EEG-1200) with a sampling frequency of 1000 Hz. We used international 10/10 electrodes placement system and recorded at least 64 EEG channels. The total recording period was at least 35 min of wakefulness, including activation tests. Sleep was recorded whenever possible at the end of the exam. All records were performed by neurophysiology technicians with expertise in video-EEG and EEG records in acute brain lesion patients. Further technical specifications and EEG protocol can be read in supplementary file 1.
Imaging interpretation
All imaging exams performed during the study period were reviewed by two seniors neuroradiologists (CC and CM), blinded for clinical and electroencephalographic findings and trained for ASPECTS classification [23] . Doubts were discussed by consensus.
In patients with an infarct limited to the middle cerebral artery (MCA) territory in the imaging study (considering 1st CT scan, 2nd CT scan or MRI), the infarct size was quantified by ASPECTS [24] in 1st and 2nd CT scan. Insula and M1 to M6 ASPECTS territories were considered "cortical territories of ASPECTS". Furthermore, any type of haemorrhage transformation [25] , cortical or subcortical infarct location, presence of cortical areas with normal attenuation coefficient (islands of preserved cortex) within the infarct [26] [27] [28] were evaluated in 2nd CT.
Operational definitions
1. Epileptic seizures and status epilepticus (only the first event was considered), were defined as: Acute symptomatic seizure; Seizure occurring within the first 7 days of a stroke [31] . In these patients, cutoff values for metabolic disorders and febrile symptomatic seizures were not overreached and alcohol/drug withdrawal or intoxication [31] were excluded 1.3.
Remote symptomatic seizure; Seizures occurring after 7 days of a stroke in the absence of precipitating factors [32] 1.4.
Epilepsy; Occurrence of one unprovoked seizure and a probability of further seizures similar to the general recurrence risk (at least 60%) after two unprovoked seizures, occurring over the next 10 years [1] . The occurrence of at least one remote symptomatic seizure or unprovoked seizure after stroke meets these criteria [ 
Results
151 patients (112 men and 39 women) with an acute anterior circulation ischaemic stroke and a mean age of 67.4 (SD 11.9) years were included. Study flowchart was previously described [36] .
Demographic, clinical and imaging characteristics of these patients are displayed in Table 1 .
All patients performed at least one EEG during hospitalization. The 1st EEG was performed in a median time of 1 day (IQR 1). The median number of tests performed per patient was 5 (IQR 3). Of the 144 discharged patients, 143 patients (99.3%) underwent an EEG on this date. One patient (0.7%) refused the exam. The discharge EEG was made on average 11.1 (10.9) days after stroke (median 7).
Of the 127 patients who were alive at 12 months, 117 (92.1%) performed an EEG at this time and 10 patients (7.9%) refused to repeat the exam. One patient (0.66%) was lost for clinical and neurophysiological follow-up between month 6 and 12.
Epileptic manifestations frequency
In this study, 27 patients (17.9%) had EEG epileptiform activity (interictal epileptiform activity and/or EEG seizures) during hospitalization. Table 2 shows the frequency of studied electroencephalographic abnormalities. Daily repetition of the EEG up to the 7th day after stroke allowed the identification of six more patients with EEG seizures not shown in the 1st EEG. Clinical and imagiological characteristics of patients with EEG seizures during hospitalization are displayed in supplementary file 2. NCSE was diagnosed in three out of the seven patients with EEG seizures (42.8%) and to these patients anti-epileptic drugs were prescribed. The first EEG seizure occurred until the 3rd day after stroke in 85.7% of patients (in five patients on the 2nd day and in two patients on the 3rd and 6th day after stroke, respectively).
The frequency of clinical and electroencephalographic epileptic manifestations is displayed in Table 3 . One year after stroke, 23 (15.2%) patients with an acute anterior ischaemic stroke had epilepsy diagnosis criteria. Seven of these epilepsy patients (30.4%) had had an acute symptomatic seizure in the first 7 days after stroke, 2 of which (28.6%) were exclusively EEG seizures. In addition, 31.8% of patients with acute symptomatic seizures (7 out of 22) also had a remote symptomatic seizure and consequently an epilepsy diagnosis.
In the first week after stroke, four patients (2.6%) had criteria for the diagnosis of NCSE [30, 33] . In two of them, this diagnosis was made on the 1st EEG performed on the 2nd day after stroke and on other two during the first week EEG serial study (on the 3rd and the 6th day after stroke). Of the patients who met criteria for this diagnosis at the time of the 1st EEG, one had a fluctuating aphasia and periodic discharges at 3.5 Hz (aphasic focal NCSE) and another had consciousness impairment on the 2nd day after stroke, neither explained by imaging nor by medical complications and electrographic seizures, condition which reverted with antiepileptic treatment (focal NCSE with impaired consciousness). Of the two other patients that were in NCSE in the first week after stroke, 1 had repeated sensitive focal seizures, an EEG with periodic discharges at 2 Hz and electrical seizures with clinical and neurophysiological recovery after levetiracetam (focal NCSE without changing the state of consciousness). The last patient who was in NCSE during hospitalization had a malignant infarction with consciousness impairment (coma Glasgow scale score = 4) and multiple seizures in the electroencephalographic recording (NCSE with coma).
Discussion
In this work, 18% of anterior circulation ischaemic stroke patients had interictal or ictal epileptiform activity in the EEG during hospitalization and 25% at least one seizure in Table 2 EEG abnormalities in different time frames after stroke 1st EEG video-EEG (<60 min) performed as early as possible, in the first 72 h after admission for acute anterior circulation ischaemic stroke, Serial EEG during hospitalization video-EEG (<60 min) performed daily for the first 7 days after stroke (except on weekend) or if neurological worsening unexplained by medical complications and with indication for repeating the imaging exam (at least one EEG record during the hospitalization with one of the analysed features), the first year after stroke. Furthermore, more than 20% of acute symptomatic seizures were exclusively electrographic and more than 40% of patients with EEG seizures had NCSE criteria or remote symptomatic seizures. Our results support the hypothesis that in the absence of a neurophysiological evaluation, the frequency of acute symptomatic seizures after stroke is underestimated. Several strengths are identified in this work including the sample size of anterior circulation acute stroke patients, with prospective clinical and EEG follow-up, unlike previous studies (supplementary file 3 and 4), and the small number of patients lost for clinical follow-up (n = 1). Another aspect that stands out is the use of internationally recognized terminology for EEG description [29] . This terminology not only shows a good inter-observer agreement [37, 38] as it is recommended for multicentric research on EEG patterns in acute neurological disease patients [37] and for implementation in clinical practice [38] . In addition, the time period for classification of seizures as acute or remote symptomatic is in accordance with the ILAE recommendations [31] and only acute anterior circulation infarcts established by imaging were included.
There are some limitations in this study. The serial and non-continuous nature of the neurophysiological assessment may in fact be considered a constraint. However, using a single EEG with less than 60 min duration we found the same percentage of patients with periodic discharges and epileptiform activity as Carrera et al. [39] in patients undergoing continued EEG monitoring for over 17 h. Thus, our work suggests that a briefer EEG, performed in a short time window after stroke, can provide similar information than a longer record, with the advantage of being technically easier and less expensive. Nevertheless, periodic discharges and epileptiform activity have different specificities in seizure prediction. Although periodic discharges have been described in the continuum between an interictal and ictal phenomenon [40] , this activity may be an acute cerebral lesion signature [41] . For this reason we clearly defined and distinguished interictal epileptiform activity and periodic discharges. Nevertheless, the percentage of interictal epileptiforme activity found in our study is not to much different from Carrera et al. [39] (10.6 vs. 14%). Future studies should compare the performance of short duration (spot) EEG versus a continuous one in the detection of epileptic manifestations.
In our series, 22.7% of acute symptomatic seizures were exclusively electroencephalographic and occurred for the first time in the majority (85.7%) of patient in the first 72 h after stroke. An intensive care unit study, with continuous EEG also showed that 89% of seizures occurred within 72 h [42] . These observations show the importance of a neurophysiological evaluation, particularly in the first 3 days after stroke. Furthermore, in our study, almost 1/3 (31.8%) of patients having a seizure in the first seven days after stroke had an epilepsy diagnosis 1 year after stroke, in accordance to Hesdorffer et al. [2] which found a 33% risk of an unprovoked seizure in patients with a first post-stroke acute symptomatic seizure. Additionally, our results showed that more than ¼ (28,6%) of post-stroke acute symptomatic seizure patients that had a vascular epilepsy diagnosis in 1 year time period, would not have been identified without the EEG protocol that was used.
However, in our study, the frequency of EEG seizures (4.6%) is lower than that reported in continuous EEG studies in ischaemic stroke ranging between 6 to 27% [7, 39, [42] [43] [44] [45] [46] (supplementary file 3). This observation was expected since, comparatively with 1st short duration EEG, a continuous record detected twice more seizures in a population of intensive care unit patients [44] . However, it is possible that the low number of patients with EEG seizures is not exclusively due to a shorter EEG duration but also to our study setting (a neurology department stroke unit) and to the inclusion of less severe stroke patients than intensive care units. Furthermore, different definitions of ictal epileptic activity can also account for the lower amount of detected EEG seizures in our study. The evidence favouring continuous versus spot EEG in detecting seizures is limited [47] , especially in patients with ischemic stroke admitted to non intensive profile services as it was the case of our patients. Still, continuous EEG it is not accessible at all centres and its cost-benefit is not determined [48] . In our study, 42.9% of patients with EEG seizures fulfilled criteria for the diagnosis of NCSE or had remote symptomatic seizures in the clinical follow-up. In fact, non-convulsive status epilepticus has been described as one of the major diagnostic and therapeutic challenges in modern neurology [49] and the EEG is essential for its diagnosis. The described association between post-stroke status epilepticus and functional prognosis [50] [51] [52] , reinforces the importance of early recognition of this entity, allowing appropriate and timely treatment. Due to very low clinical evidence, current ESO guidelines [3] only give weak recommendations on secondary prevention of acute symptomatic post-stroke seizures. Their treatment is frequently decided on an individual basis guided but the presence of intermittent or persistent altered mental status and fluctuating recovery or status epilepticus diagnosis [4] . In our study, more than 40% of patients with EEG seizures had NCSE criteria and 75% of patients with NCSE (three out four) had no obvious clinically acute poststroke symptomatic seizures, showing the usefulness of our eletrophysiological study.
